In this paper energy use , energy and bill savings, emission reduction and pay period using high efficient motor, variable speed drive by modulating speed of boiler and compressor has been estimated using energy audit data. It has been found that 68,923 MWh, 132,922 MWh, 78,769 MWh and 49,230 MWh of energy can be saved for 40%, 60%, 80% and 100% motor loadings, respectively for 20% speed reduction in the boiler system. Corresponding bill savings for the aforementioned energy savings have been found to be US$ 4,411,052, US$ 8,507,028, US$ 5,041,202, and US$ 43,150,751 for 40%, 60%, 80% and 100% motor loadings, respectively for 20% speed reduction in the boiler system. Energy savings and bill savings resulting from the use of high-efficiency motor in air compressor are 6703 MWh, 8251 MWh, and 10571 MWh, total energy, can be saved for 50%, 75%, and 100%, motor loadings, respectively. Similarly, bill savings for the preceding amounts of energy savings are US$ 428,984, US$ 528,042 and US$ 676,538, respectively. It is also clear that the use of high efficiency motor and VSDs leads to substantial energy savings and an enormous reduction in emissions.
Introduction
Energy efficiency improvement is one of the most important functions to reduce energy cost as well as production cost in the industries. Energy efficiency improvement is the main objective of many national energy policies. Monitoring of the energy consumption and developments in energy efficiency is necessary in order to check and apply desired policies. Energy is the most important sector for automation and modernization. Automation and modernization is increasing rapidly day by day in the industrial sectors. Steam and compress air systems are a part of almost every major industrial process today. All of the major industrial energy users devote significant proportions of their fossil fuel consumption to steam production: food processing (57%), pulp and paper (81%), chemicals (42%), petroleum refining (23%), and primary metals (10%). Since industrial systems are very diverse, but often have major steam systems in common, it makes a useful target for energy efficiency measures [1] . Nearly 45% of global electricity generation is derived from coal while natural gas and nuclear energy makes up about 20% and 15% respectively of the world's generated electricity [2] . Most heating systems, although not all, employ boilers to produce hot water or steam. Boiler efficiency therefore has an important influence on heating-related energy savings. The energy savings that can be achieved by improving overall boiler efficiency can be substantial. Essentially a boiler is a device in which a fossil fuel is burnt and the heat produced is transferred to water. Heat can be lost from boilers by a variety of methods, including flue gas losses, radiation losses and, in the case of steam boilers, blow-down losses [3] .
To optimize the operation of a boiler plant, it is necessary to identify where energy wastage is likely to occur. A significant amount of energy is lost through flue gases as all the heat produced by the burning fuel cannot be transferred to water or steam in the boiler. The efficiency of boiler is a measure of the ability of it to generate the steam demand from a given fuel supply. Boiler efficiency is very dependent on the excess air rate. Excess air should be kept at the lowest practical level to reduce the quantity of unneeded air that is heated and exhausted at the stack temperature [4] . Most of the heat losses from the boiler appear as heat in the flue gas, the recovery of this heat can result in substantial energy savings [5, 6] .This indicates that there is huge savings potentials of a boiler energy savings by minimizing its losses. By introducing variable speed to the driven load, it is possible to optimize the efficiency of the entire system, and it is in this area that the greatest efficiency gains are possible [7, 8] . Use of compressed air in industry and in service sectors is common as its production and handling are safe and easy. In most industrial facilities, compressed air is necessary to manufacturing. Compressed-air generation is energy intensive, and for most industrial operations, energy cost fraction of compressed air is significant compared with overall energy costs. There is a vacuum of reliable information on the energy efficiency of a typical compressed air system [9, 10] . As a general rule, compressed air should be used only if safety enhancements, significant productivity gains, or labour reduction, will result as it is very expensive. Annual operating costs of air compressors, dryers, and supporting equipment, can account from 70% to 90% [11] of the total electric bill. Energy losses in a large number of industries exist, and there is evident potential for energy efficiency improvements [12] . Among the various sectors contributing to greenhouse gas emissions, the contribution of the industrial sector was significant. Thus, lowering GHG emissions from the industrial sector offers the means of reducing overall GHG emissions. Energy conservation means less reliance on energy imports and, thus, less GHG emissions. Previous studies have reported that implementing a few select options at little or no cost in the industrial sector could reduce GHG emissions by 10-30% of GHG emissions [13] .
The aim of the paper is to the details estimation of boiler and compressor motor energy use, energy savings and environmental analysis using VSD and high efficiency motor. It is expected that the estimation will be very useful for industry, policy makers, energy users and researchers.
Excess Air Control
A boiler should always be supplied with more combustion air than theoretically required in order to ensure complete combustion and safe operation. At the same time, boiler efficiency is very dependent on the excess air rate. Therefore, the excess air should be optimized to increase the system efficiency. Qureshi and Tassou [14] reviewed the VSD in refrigeration application to reduce energy uses that is shown in Figure 1 .
Fig. 1 Block diagram of the variable speed drive system [4]
Combustion efficiency can be improved at low fire if the fan speed is reduced. The fan motor speed control is an easy to add option on some electronic controls. The benefit of variable speed drive by using an inverter to slow down an AC electric motor causes electrical energy saving. Electric motors are over 90% efficient when running at their rated loads. Conventional electric motors typically use 60% to 80% of their rated input energy, even when running at less than 50% load [15] .
Methodology

Data Collection for Boiler
Malaysian Energy Centre (MEC) conducted energy audit for 48 industrial facilities for about 2 years starting from 2002-2004 [16] . It was a detailed energy audit. Summary of type and number of industry visited is shown in Table 1 . Number of fan motor and their corresponding power, motor loadings, and usage hours are presented in Tables 2-3 . These are the data needed for boiler fan motor energy analysis. Pulp and paper 6
Iron and steel 4
Total 48 
Data collection for air compressor
Data were collected in a walkthrough energy audit. The reference [17] contains details of the energy audit. The most important data collected during the walkthrough audit were the power ratings, the operation times of energy-using equipment/machinery, fossil fuel and other sources used for energy, production figures, tariff usage behavior (peak and offpeak), and power factor. Table 4 shows the number of factories audited in a sector. Table 5 presents the total energy used by compressed-air systems that is about 239,450 MWh energy.
Energy Use of Compressed-Air Systems
Annual energy usage by compressed-air systems can be estimated using Equation (1) [18] . Wood and wood products 8 Paper and paper products 13
Chemicals 4
Petroleum refineries 5
Rubber and rubber products 13
Plastic and plastic products 7
Glass and glass products 4
Iron and steel 5
Fabricated metal products 12
Cement 6
Total 91 
Energy Savings by Using a High-Efficiency Motor
A high-efficiency motor uses low-loss materials to reduce core, and copper, losses. Reduced losses mean that an energyefficient motor produces a given amount of work with less energy input than that required by a standard motor. Several leading electric-motor manufacturers, mainly in USA and Europe, have developed product lines of energy-efficient electric motors that are 2-8% more efficient than the standard motors are [19] . The ratio of the mechanical power supplied by the motor to the electrical power used during operation is the motor's efficiency. High-efficiency motors cost less to operate than do their standard counterparts. Motor efficiencies range from about 70 to over 96% at full-load rated power [19] . Annual energy savings through replacement of standard efficient motors with highly energy-efficient motors can be estimated by using the methodology described in reference [17] :
Annual bill savings associated with the above energy savings can be calculated as: Table 6 shows the typical input data needed for electric-motor energy-saving estimation. Table 7 shows the efficiencies of various-capacity motors, against various loads. 
Motor's Energy Savings through Variable Speed Drive
Most of the systems operate at their full load only for short periods. The most common method is the modulation of speed, of the motors, of pumps, compressors, and fans, to vary their capacity by using VSDs [17] . Variable-frequency drives provide continuous control, matching motor speed to the specific demands of the work being performed. Variablefrequency drives are an excellent choice for adjustable-speed-drive users because they allow operators to fine-tune processes while reducing costs of energy and of equipment maintenance. It is very important to select an electric motor of suitable power to work efficiently. In general, big-capacity motors are chosen to meet extra-load demands. Usually, motors operate more efficiently at 75% or more of rated load. Many ways can be used to estimate the energy savings from use of VSD in industrial motors for various applications [20] . A motor's energy savings through VSD can be estimated as: Table 8 shows the potential energy savings from speed reduction, through use of VSD in industrial motors. These data can be been used to estimate a motor's energy savings through use of VSD. 
Mathematical Formulations of Payback Period
Payback period is the simplest method of looking at one or more investment projects or ideas. Payback period represents the amount of time that it takes for a capital budgeting project to recover its incremental price. A simple payback period for different energy savings strategies can be calculated using Equation (5).
Payback period= savings dollar Annual cost l Incrementa (5)
Emissions Mitigation
The environmental impact of the standard is the potential reduction of greenhouse gasses or other elements that cause negative impact on environment. The common emission pollutants that can be reduced are carbon dioxide, sulfur dioxide, nitrogen oxide and carbon monoxide. The impact can be considered a benefit for the society as well. Potential emissions mitigation by standard can be calculated using the following equation [21] ) ... Table 9 shows emission factors for per-unit energy that can be used to estimate reducible emission. 
Result and Discussion
Energy Savings, Payback Periods and Emission Reductions of Boiler
Energy use by boiler fan motor for different capacities and percentage of loadings has been estimated and presented in Figure 2 . Based on this figure it has been observed that more energy used by boiler fan motors for 60% loading followed by 40% as motors are engaged in operation for longer time compared to 80% and 100% loadings. It was also found that highest amount of energy used by 15 kW motor for different percentage of loadings as number of motors are higher than other capacities of motors. Table 9 summarises the cumilative amount of energy and bill that can be saved for different percentage of speed reduction and motor loadings. Payback period for energy savings associated with different percentage of speed reductions has been estimated and presented in Table 11 . Emission reduction has been estimated and shown in Table 12 . The energy savings and bill savings is shown that it is a protential energy and bill savings option as well as emission reduction. The payback period also economically viable and it is more economical for the high capacity motor. The payback periods when energy-efficient motors were used range from 0.82 to 11.11 years, for various percentages of motor loadings. The periods indicate the cost-effectiveness of energy-efficient motors, as in most cases their payback periods are less than one third of the motor's life (if an average life of 20 years is considered). Installing high efficiency motors in compressor systems reduce annual energy consumption by 2%, with a payback period of less than 3 years [22] . Tables 14 show  energy savings, bill savings, and payback periods for various percentages of motor-speed reductions through VSD. Table 14 shows how huge amounts of energy could be saved for various percentages of speed reductions. More energy could be saved for higher speed reductions. Along with energy savings, huge amounts could be saved off electricity bill, and associated emission reductions could be achieved through use of VSD in industrial motors in Malaysia. Implementing adjustable speed drives in rotary compressor systems can save 15% of the annual energy consumption [22] . From Table 14 , payback periods for larger motors at higher speed reductions (i.e. speed reduction above 30%) are found to be economically viable as the payback periods are short. However, VSD is not cost effective for smaller motors as their payback period is significantly high. Abbott [23] reported that payback periods for VSDs of various motor sizes and categories range from 0.4 years to 1.5 years. From Table 15 , it is found that huge amount of emission cab be saved by using variable speed drive. It is also found that more the speed reduction more emission reduction.
Figure 2 Energy used by different capacity and motor loadings
Energy Savings, Payback Periods and Emission Reductions of Air Compressor
Conclusion
It has been found that maximum amount of energy can be saved for 60% of motor fan speed reduction for 60% motor loading using VSD in boiler. However, it was also found that sizeable amount of energy and bill can be saved for 20% and 40% speed reduction for different loadings. It was found that payback period for using VSD to save fan motor energy to be 0.23 to 5.58 years. It may be stated that use of VSD in fan motor energy saving is economically very viable for motor capacities 15kW and above. Study also found that 69,770,744 kg, 134,558,329 kg, 79,738,065 kg, 49,836,603 kg of CO 2 emission can be avoided for the associated energy savings as a result of energy savings using VSD for 40%, 60%, 80% and 100% motor loadings. In the compress air sytem, based on data analysis, 6703 MWh, 8251 MWh, and 10571 MWh energy can be saved by using energy-efficient motors, for 50%, 75%, and 100%, motor loadings where the bill savings US$ 428,984, US$ 528,042 and US$ 676,538, respectively. It has been found that 52,679 MWh of energy can be saved for 10% speed reduction using VSDs whereas 213,111 MWh energy can be saved for 60% speed reduction. So, it can be concluded that more energy could be saved for higher speed reductions. Along with energy savings, huge amounts could be saved off electricity bill, and associated emission reductions could be achieved through use of VSD in industrial motors in Malaysia. Table 12 Emission reduction (tons) for 40% speed reduction 
